The geographic isolation of Australia has meant that large eutherian herbivores were not present on the continent until the arrival of Europeans about 200 years ago. Marsupials had evolved to fill the niche occupied predominantly by ruminants elsewhere, and like the ruminants, the macropodoid marsupials developed an enlarged complex forestomach for fermentation of cellulosic and other complex plant materials prior to further digestion (3). However, unlike our knowledge of the rumen ecosystem, knowledge of the microbes and their interrelationships in the forestomach of marsupials is very limited.
Bacteriophages are an integral part of the ruminal microbiota of sheep and cattle, occurring in large numbers and in great diversity (4) (5) (6) . However, bacteriophages in the forestomachs of marsupials have not been reported previously. In the present study, we observed bacteriophages in the forestomach contents of three species of macropodoid marsupials. Bacteriophages of diverse morphology were found, and in some cases they differed from those reported to be in ruminal contents of sheep and cattle (4) (5) (6) .
Forestomach contents from an eastern grey kangaroo (Macropus giganteus) and an eastern wallaroo (Macropus robustus robustus) were supplied by D. Freudenberger, and forestomach contents from two rufous bettongs (Aepyprymnus rufescens) were supplied by I. Wallis. Samples from the kangaroo and wallaroo were taken from freshly killed animals and were stored on ice from the time of collection until the samples were prepared for electron microscopy. Samples from the bettongs had been in frozen storage for up to 3 years prior to this study.
The forestomach contents from all four animals contained no free liquid, and buffer (0.02 M Tris HCI [pH 7.4], 0.2 M NaCl, 0.02 M MgCl2, 0.1% (wt/vol) gelatin) was added to elute phages from the solid material. This method did not permit the estimation of total numbers of phage, as the percentage of phage that had been separated from the solid material could not be determined. Phages in buffer solution were prepared for electron microscopy as reported previously for phages in ruminal fluid (4) . Samples were examined for phage using a JEOL JEM1200EX transmission electron microscope at a magnification of x40,000.
The range of forms found in the forestomach contents of the marsupials is described in Table 1 . A total of 45 morphologically distinct types were found in the following distribution: wallaroo, 30; grey kangaroo, 11; rufous bettong 1, 4; and rufous bettong 2, 3. The range of forms, with a few exceptions, varied markedly between animals. Phage types 31 and 32 were particularly common, with type 32 present in all three species and type 31 present in both the grey kangaroo and wallaroo. In addition, five other phage types (types 4, 22, 29, 30, and 38), although recorded only from a single animal, were abundant in that individual.
The phages comprised representatives of three families (1): Myoviridae (18 types), Siphoviridae (19 types), and Podoviridae (7 types). Of 29 phages recorded from the wallaroo, 14 were myoviruses, 10 were siphoviruses, and 5 were podoviruses. By contrast, the phages observed in samples from the grey kangaroo were predominantly siphoviruses (six types), with few myoviruses and podoviruses (three and two types, respectively). The differences between the animals were reflected not only in the diversity of phage types but also in the concentrations of these phages; e.g., the wallaroo had an abundance of myoviruses and the grey kangaroo had an abundance of siphoviruses. Phage 38 (Podoviridae) was also common in the grey kangaroo. Very few types were recorded from the rufous bettongs; none were abundant, and all but phage 18 (Myoviridae) were siphoviruses. Phages representative of each family are presented in Fig. 1 .
In addition to the general characteristics described in Table 1 , the fine detail of certain structures was determinable for some of the phages. Of the myoviridae, details of the collar region and/or the base plate were discernible in six phages. Phages 1, 2, and 4 ( Fig. la) and 6 and 16 (Fig. lb) had clearly defined collar regions. However, the fine structure was unclear, except in phages 1 and 4, where a double disc was present. Phage 4 also possessed filamentous material at the base of the contracted sheath. Phage 11 possessed a flattened plate at the base of the contracted sheath. Phages 8 and 16 (Fig. lb) were unusual as the uncontracted sheath was conical in shape. Phage 18 (Fig. lc) differed from the other myoviruses, having a slightly elongated head and being of morphotype A2.
Structural details were visible on four of the siphoviruses. Phage 21 (Fig. ld) had octahedral head symmetry. Phage 20 (Fig. le) possessed a star-shaped base plate, and the tail of phage 37 was finely tapered. Phage 29 possessed a collar, although the fine structure was not discernible. Phages 31 (Fig. lf) and 32 were the most common of the phage types seen, and phage 32 was recorded in each of the marsupials. In addition to the tailed phages, two other viruslike particles were found. The particle shown in Fig. 1i consisted of a long tail with three short contracted sheaths attached; it is of bacteriophage origin and may be a bacteriocin (2) . Also present were numerous small icosahedra (Fig. lj) (3) ; and (iv) the structure of the forestomach of the bettong is considerably different from that of the kangaroos (3). The latter two points may indicate that fermentative digestion is less important to the bettong and thus the number and diversity of bacteria, and consequently their phages, is reduced. The morphological diversity of the phages differed markedly between the different animals. This contrasted strongly with the composition of ruminal phages (4) , which are similar in both sheep and cattle, regardless of diet. However, a larger study with more animals is required before general conclusions can be made about species specificity.
NOTES
The present study has shown that, as with eutherian mammals, the fermentative forestomachs of grazing metatherian mammals contain a large diverse population of bacteriophages. These phages represent a pool of genetic material that may be useful in genetic studies and recombinant DNA research.
